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@ Vascular endothelial cell growth factor II. 



@ Vascular endothelial cell growth factor II is purified from the culture media used to maintain 
mammalian glioma cells. The protein is a hetenodimer, stimulates mitogenesis of mammalian vascular 
endothelial cells and is useful for the promotion of vascular development and repair. This unique 
growth factor is also useful in the promotion of tissue repair. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1. VEGF II activity present In fractions eluting from a polyaspartic acid WCX HPLC cation exchange 
column, bar denotes pooled active fractions- 
5 Fgure 2. VEGF II activity present in fractions eluting from a metal chelate column. 

Figure 3. VEGF II activity present in fractions eluting from a RP-HPLC C* column. 

F^ura 4. Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 
I A sutHjnit plus polypeptide deavage products used to detennine the amino acid sequence. 

Figure 5, Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 
10 II A subunit plus polypeptide deavage products used to determine the amino acid sequence. 

Figure 6. Full length amino add residue protein translation product and its cDNA coding sequence for the 
135 amino add form of VEGF II B subunit plus polypeptide deavage products used to determine the amino 
acid sequence. 

Figure 7. Full length amino acid residue protein translation product and its cDNA coding sequence for the 
15 115 amino acid form of VEGF II B subunit. 

BACKGROUND OF THE INVENTION 

A new dass of cell-derived dimeric mitogens with apparently restricted specificity for vascular endothelial 
20 cells has recently been identified and generally designated vascular endothelial growth factor (VEGF). The 
mitogen has been purified from: conditioned growth media of rat glioma cells, [Conn et al., Proc. Natl. Acad. 
Sci. USA 87: 2628-2632 (1990)]; conditioned growth media of bovine pituitary folliculo stellate cells [Fenrara 
and Henzel, Biochem. Biophys. Res. Comm. 161: 851-858 (1989) and Gospodarowicz etal.. Proc. Nad. Acad. 
Sci. USA 86: 731 1 -7315 (1989)]. Vascular endothelial growth factor I (VEGF I) is a homodimer with an apparent 
25 molecular mass of 46kDa. with each subunit having an apparent molecular mass of 23 kDa. VEGF I has distinct 
structural similarities to platelet-derived growth factor (PDGF), a mitogen for connective tissue celts but not vas- 
cular endothelial cells from large vessels. 

OBJECTS OF THE INVENTION 

30 

It is, accordingly, an object of the present invention to provide a novel vascular endothelial growth fador 
II (VEGF II) free of other proteins. Another objed Is to provide a procedure for the purification of the substantially 
pure VEGF II. A further object is to provide VEGF M to stimulate endothelial cells for induction of blood vessel 
growth, vascular repair and the production of artificial blood vessels. Another object is to provide VEGF 11 to 
35 stimulate tissue repair. 

SUI^MARY OF THE INVENTION 

Vascular endothelial cell growth factor II is purified from the culture media used to maintain mammalian 
40 glioma cells. The protein is a heterodimer and stimulates mitogenesis of mammalian vascular endothelial cells 
and is useful for the promotion of vascular development and repair. This unique growth factor is also useful in 
the promotion of tissue repair. 

DETAILED DESCRIPTION 

45 

The present Invention relates to a unique vascular endothelial cell growth factor (designated VEGF II), iso- 
lated and purified from glioma cell conditioned medium, which exhibits mitogenic stimulation of vascular 
endothelial cells. Glioma is defined herein as any neoplasm derived from one of the various types of cells that 
fomi the interstitia) tissue of the cenfral nervous system tnduding brain, spinal cord, posterior pituitary gland 

so and retina. Consequently, the scope of the present invention is intended to indude the unique growth factor 
isolated and purified from any mammalian glioma tissue or other cells including cell tines. Cell lines indude, 
but are not limited to, glioma-derived cell lines such as C6. hs 683 and GS-9L: glioblastomas such as A-172 
and T98G: neuroblastomas such as IMR-32 and SK-N-MC; neurogliomas such as H4; tetromas such as XB-2; 
astrocytomas such as U-87 MG and U-373 MG; embryonal carcinomas and non>transformed glial or astrocyte 

55 cell lines, and the human medutloblastoma line TE 671, with GS-9L and TE 871 being preferred. VEGF II is 
present and can be isolated from rat tissue induding ovary, heart and kidney. Anterior pituitary tumor cell lines 
such as GH3 and Hs 199 may also be used. Although the VEGF of this invention is described as being isolated 
from rat cells, the same or substantially similar growth factor may be isolated from other mammalian cells. 
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including human cells. 

refer to a single gene product. \t^aUs a o^M^n^Zl^t "'"""eterogeneous forms as used herein 
■< -di«edat,hemWrel foio^g^^^^^^^^^ 

microheterogeneous forms wiil all have ea^^^f«?lL . ^ " "^^^ interchangeably herein. The 

are used InteUgoably al:t:irZrrrar^^^^^^^^^^ 

cells including vascular endothelial calls as de^rrih«rf hL7 .. , ^NA synthesis in target 

may take piaL either in vivo^duCme is^a^r^^^^^ P""'^^""""- ^« ™<'«=aUons 

' but Is not limited to, prote'^is aMlZTnZT.Z^ T '^T^' - ^ """"i^^^'io" results from, 
Proteolysis may Indude eXot^Llfwh^^^^^^^^^ deamldadon or acetyiation at the N-temiinus. 

which deave the peptide at specific locaUono JihinThlT • / '""^ ^^"O" endoproteases 

during the purification P«,ce^ wh^^i^^^^^^ '^""f '"odifications can occur 
mon modificatton occu^ng dunC^^° rontp^^^^^^^^ 

Of protease inhibitors Under most rnnriitinn* . generally held to a mrnimum by the use 
ncason Of native ^EGF Nare vlSe^^^^^^^^^^ 

newborn calf serum (NcS^^^ wLente re^h «n«^^ T'"'" ""PP'^mented with about 10% 

are washed with Ca" Sr^f^PhiZ! bZll , ?o^^ ~" l^y^-^ 

The GS-9L conditioned medium is thawed and brouaht to dH 6 0 with i m um tk- • . . 
consists Of cation exchange chromatography using a ^an' ty ^cation eThanl^^^^^^^ ! T''"^''''" 
as CIW Sephadex C-50 Pharmacia iWnnn q 7»f h ''^"fff e^nangere on avanety of matrices such 

the remaining culture media is reived U o n^P-ot^s^^^^^^^^ " "Tn?'" ' ^"^ 

phate. about pH 6.0, containing 0 15 1« Nacri^ie VEGF n t ! k . ° ^""""^ P""*" 

PH 6.0, containing about 0 6 M NaCI """" "-"^ " Phosphate, about- 

chromaC;h;:^o"^^^^^^^^^^^^ 
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and 28.5 ml see Rg. 1. 

The active fractions eluted from the poiyaspartic WCX column that contain VEGF II are pooled, adjusted 
to about pH 7.0 and loaded onto a 1 x 10 cm column of Phanmada Chelating Sepharose 6B charged with an 
excess of copper chloride and equilibrated in about 0.05 M sodium phosphate, about pH 7.0, containing about 
5 2 M NaCI and about 0.5 mM imidazole (A buffer). VEGF II Is eluted from the column with a gradient from 0-20% • 
B over 10 minutes, 20-35% B over 45 minutes and 35-1 00% B over 5 minutes at a flow rate of 0.3 ml/min, where 
B buffer is 0.05 M sodium phosphate. pH 7.0. containing about 2 M NaO and 100 mM imidazole. The active 
fractions containing VEGF II activity eluted between about 12.6 and 22.8 ml of the gradient effluent volume, 
see Fig. 2. 

10 The pooled fi^ctions containing VEGF II activity eluted from the metal chelate column are loaded onto a 
4.6 mm x 5 cm Vydac C4 reverse phase HPLC column (5 \im particle size) previously equPibrated in solvent A 
[0.1% trifluoroacetic acid (TFA)]. The column is eluted with a linear gradient of about 0 to 30% solvent B over 
15 minutes. 30% B for an additional 15 minutes, then 30-45% B over 22.5.minutes and finally 45-100% B over 
5.5 minutes. Solvent B consists of solvent A containing 67% acetonitrile (v/v). The flow rate is maintained at 

IS about 0.75 ml/min and fractions are collected every minute. The homogeneous VEGF II elutes from the C4 col- 
umn under these conditions at between about 32 and about 38 ml of the gradient effluent volume, see Fig. 3. 

Purity of the protein is determined by sodium dodecylsutfate (SDS) polyacryl amide gel electrophoresis 
(PAGE) in 12.5% crosstinked gels using the technique of Laemmli. Nature 227: 680-684 (1970). The silver 
stained gels show VEGF II to consist of one band under non-reducing conditions with an approximate apparent 

20 molecular mass of about 58,000 daltons. When a sample containing the microheterogeneous forms of VEGF 
II is separated under reducing conditions it migrates as two at>out23 kilodalton (RDa) subunlts. The purification 
process results in VEGF II that is essentially free of other mammalian cell products, such as proteins. Recom- 
binantiy derived VEGF II will also be free of mammalian cell products. 

Biological activity is detemriined by mitogenic assay using mammalian vascular endotitelial cells. Human 

25 umbilical vein endotiielial (HUVE) cells are plated on gelatin-coated dishes at a density of about 5000 cells per 
well in about 500 |il of Medium 199 (Ml 99) containing about 20% heat-inactivated fetal calf senjm (FCS). Sam- 
ples to be assayed are added at the time of plating. The tissue culture plates are Incubated at about 37** C for 
about 12 hours and about 2 microcuries of tritiated thymidine (NEN, 20 Cl/mmol) is added per ml of assay 
medium (1 .0 ^Ci/wetl). The plates are incubated for a further 60 hr, the assay medium is removed and the plates 

30 are washed with Hanks balanced salt solution containing about 20 mM Hepes, about pH 7.5, and about 0.5 
mg/ml bovine semm albumin. The cells are lysed and the labelled DNAsolubilized with about 200 jil of a solution 
containing about 2 gm of sodium carbonate and atxiut 400 mg sodium hydroxide in about 100 ml water. The 
incorporated radioactivity was determined by liquid scintillation counting.The concentration of VEGF which eli- 
cited a half-maximal mitogenic response in HUVE cells was approximately 2 ± 1 ng/ml. The glycosaminoglycan 

35 heparin, which is required in these assays at a level of 10-100 Mg/ml to promote a response to a positive control, 
acidic fibroblast growth factor, does not enhance mitogenic stimulation of these cells by VEGF II. 

A purified about 1-2 jig sample of VEGF II is reduced in about 0.1 M Tris, about pH 9.5. with about 0.1% 
EDTA. about 6 M guanidinium chloride and about 20 mM dithiothreitol forabout 2 hrataboutSO^ C. The reduced 
protein is carboxymethylated for about 1 hourin a solution containing about 9.2 iiM of unlabelled and 2.8 ^M 

40 of i<C-iodoacetic add in about 0.7 M Tris,about pH 7.8, and about 0. 1% EDTA and about 6 M guanidinium 
chloride. The protein is carboxymetiiylated for about 1 hr at room temperature. The protein is isolated after 
reduction and carboxymethylation by reverse phase HPLC chromatography on a Vydac C4 column , about 4.6- 
mm X 5 cm. The protein is loaded onto a column pre-equilibrated with about 0.1% TFA and eluted by a 45 ml 
linear gradient from about 0.1% TFA to 0.1% TFA/67% acetonitrile at a flow rate of about 0.75 ml/mln. The 

45 reduced and carboxymethylated protein eluted as two peaks at approximately 25 and 28 ml with the proportion 
being approximately equal as detemnined by monitoring absorbance at 210 nm. 

Samples of the reduced and carboxymethylated monomers are applied to polybrene-coated glass fiber fil- 
ters and their N-tenminal sequences are detemnined by Edman degradation in an ABI gas phase microsequ- 
encer in conjunction with an ABI 120A on line phenylthiohydantoin analyzer following ttie manufacturers 

so instructions. The protein showing the peak of absorbance eluting at approximately 28 ml (Asubunit or monomer) 
yielded an amino tenrtinal sequence of: 

Ala Pro Thr Thr Glu Gly Glu Gin Lys Ala His Glu Val Val 
which is identical to the monomers of VEGF I. Conn et al.. Proc. Nati. Acad. Sd. USA 87: 2628-2632 (1990). 
The peak of absorbance eluting at approximately 25 ml (B subunit or monomer) yielded an N-terminal sequence 

55 of: 

Ala Leu Ser Ala Gly Asn Xxx Ser Thr Glu Met Glu Val Val Pro Phe Asn Glu Val 
plus a nearly equal amount of a truncated form of the same sequence missing the first three amino acid resi- 
dues. The missing Xxx residue corresponds to an Asn residue in the doned cDNA. see below. Since this mis- 
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i. -3 p.... .o.e ....... 

of lysine by prcc^^^^s well known In the art. ThI pepMes LtTn 'f-^ C^^nnmal side 

The am.no acid sequences of the Isolated peptides are dirnf. by reversed phaseHPLC(RP-HPLC). 

by C,8 RP-HPLC as above. ^ ^'"'^ resulting polypeptides were resolved 

mett„on,ne resWues. After about 20 hr of reduc lon"ou. 39 C t^" ?" ° ^"^ ^"'f°'<'<'« •» 

product .s dried and cleaved on the carboxyl ten^^^^ swfoflthln " "PLC. The 

bromide in about 70 % (v^) fonnic acid un^er^afoon k ' '^'""^ 200 pi of 40 mM cyanogen 
M The cleavage products are resoled by cX^pTn^2n T 2'» "r in L dark, 

et ai.. Proc. Nad. Acad. Scl USA 87: 2628-2632 (1 990). ^'^^"'^ * 

. see Conn 

164 residues of the reduced and carb^xWCated maZ suh^ , f ^'"'"•'^^W ™sidues) of the 
reversed phase-purified products of tryptiM?) Lys c ,U c 1^^^^^^ '"'='"'■"9 ^'""'O te^inus and HPLC 
gen bromide (CB) cleavages, were d^en^lnii bJ^ri^'f^^^^^^^ P™'«^^« <V8) and cyano- 

to^l Of 5 ,g Of protein. A,r,esidues ide^Xlto acT Te3^^^^ T "^"^ ^ 
' nghteither directly beneath the mature processed seouenL^or T'! ^""'"^ P°'"«"g '° ^ 

tem,inal determination of the whole subunitT for rSes ^17^^, ^' '^'""^ " for the amino 

above the double-headed airows spanning the enoht of .h» J , P°'yP«P'We cleavage products, 

tides,V18AandV18B.wasse,uen edasam^LeL h^^^^^^^^^ 

amino acid sequence, see Figure4 ^""^ ^^'^"x^- ""I/ confirmatory of the cDNA-dedueed 

were isolated by reverse phase HPLC and theralo add ' ^"e Peptides 

The locations of the pepbdes in the final VEGFTA anTs selZ^"^ T'' "^^^'^ ^^ce. 

The full length coding region of the A mo^^r is deZ^^^^^ ' ^"^ "^'S- 6. respectively. 

Degenerate oligonucleotide primers basedTthT^r„™ 1 ' 

polypeptide L42 (residues 42-47) and Cys.L^^^X Aso '"''""""^ Phe-Met-As^Val-Tyr-Gln from 
Figs. 4 and 5) were used to PCR amoli^^ha r-Z^^^ ^ Polypeptide T38 (residues 164-168) (see 

cedur^of Saiki eta,., Science 230:S^( SAro"e ba":r°''' '"^'^"^ "^^ p"" 
ted wiB, sail, llgated into pGEWzf(*) andVequenced The nud 'h7 " P""''^* "'^^ 
to des gn antisense and sense PCR pnmer. to™,he 5 andl^^nroT" hm^'"'' ^^^'^ 
descnbed by Frohman et al. Proc. Natl. Acad 7ci 05^85 aQ^ont L^^ '^"^ ^'"''''"^ 
denoted P5-15 and pW3. respectively. Regio?sofc^mpl!reiif« ^"^^ ^"^ ^' "^"^ are 

for each set of clones ars indicated by doubllheaded a^l^^^^^^ ^f""''"^ <'^'^"^ 

•he cDNA coding the 164 amino acidLcre^fo^ We„rd bv 0^^ 

DegenerateollgLcleoSre^'L^o^^ .^^^^^^^^ 
amplify the central region Of the CDNA for \^GF HBr„^^^^ 

^:1350-1354 (1985). A single baVd m g^t^g , lorbn T/f Saence 
pGEM32f(.) and sequenced.^The ruciS sequence obtred ?^""' '"T" ""° 
sense PGR primers to amplify the 5' and 3' ends of thrcnNiA "^'9" ^"«sa"se and 

et al. Proc. Nad. Acad. Sci. USA SS.-egglsooa (fger^hese ^ a^i r""' 
«y.AddiUona,S.endseqI^ncesa.detLir^^^^^^^ 
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from GS-9L poly A* RNA. Regions of complete DMA sequences, excluding the primers, detemnined for each 
set of clones are Indicated by double-headed airows above the nucleotide sequence. The entire base sequence 
for the 135 amino acid microheterogeneous B subunit and the 115 amino acid microheterogeneous B subunit 
are shown in Fig. 6 and Fig. 7. 
5 It is intended that vascular endothelial cell growth factor 1 1 exist as a heterodimer consisting of an A subunit 

and a B subunit It is further intended that VEGF homodimers exist as either two A subunits or two B subunits. 
The B subunit may be either the 135 amino acid fom or the 115 amino acid fomi. The A subunit of the may be 
either the 188 amino acid fonm, the 164 amino acid fomri or the 120 amino acid fonm. The heterodimers or 
heterodimer species can be depicted asL^iaa + 6,35. Aies + B„5. At„ + Bus. Ai^ + B„5. Aim + 6,35. Aim + 

10 Btis. Bi35 + Bi,5, Aie8 + Aie4.A|8a + A,2o and Aim + A120. The homodimers can be depicted as: B i3s + B,j5, 81,5 
+ B115, Ataa + A188, and A120 + A120- It is also intended that the Invention Include ail of the individual subunit 
fonms of both the A subunit and the B subunit of VEGF 11. 

It is further intended that the nucleotide sequence for vascular endothelial growth factor II be interpreted 
to indude all codons that code for the appropriate amino acids in the sequence for each of the vascular endothe- 

15 lial growth factor II subunits, as indicated by the degeneracy of the genetic code. It is further intended that the ■ 
nucleotide sequence and the amino acid sequence for VEGF 11 subunits include btincated genes or proteins 
which result in a protein which exhibits biological activity similar to vascular endothelial growth factor II. The 
scope of the invention is intended to include all naturally occurring mutations and allelic variants and any ran- 
domly generated artifical mutants which may change the sequences but do not alter biological activity as deter- 

20 mined by the ability to stimulate the division of vascular endothelial cells. 

The above described heterodimers, homodimers, subunits and monomers of vascular endothelial growth 
factor are characterized by being the product of chemical synthetic procedures or of procaryolic or eucaryotic 
host expression of the DMA sequences as described herein. A monomer is defined as a subunit that cannot 
form an oligomeric unit. Expression of the recombinant VEGF II genes (recombinant DNA) is accomplished by 

25 a number of different host cells which contain atleastoneof a number of expression vectors. Expression vectors . 
are defined herein as DNA sequences that are required for the transcription of cloned copies of recombinant 
DNA sequences or genes and the translation of their mRNAs in an appropriate host Such vectors can be used 
to express genes in a variety of hosts such as bacteria, blue-green algae, yeast cells, insect cells, plant cells 
and anin«l cells, with mammalian cells being preferred. The genes may also be expressed in a number of viruse.- 

30 systems. Specifically designated vectors allow the shuttling of DNA between bacteria-yeast, bacteria-plant or 
bacteria-animal cells. An appropriately constructed expression vector should contain: an origin of replication 
for autonomous replication in host cells, selective markers, a limited number of useful restriction enzyme sites, 
a high copy number, and strong promoters. A promoter is defined as a DNA sequence that directs RNA polymer- 
ase to bind to DNA and to initiate RNA synthesis. A strong promoter is one which causes mRNAs to be initiated 

35 at high frequency. Expression vectors may indude, but are not limited to, doning vectors, modified doning vec- 
tors, specifically designed plasmids or vinjses and cosmids. The expression of mammalian genes in cultured 
mammalian cells is well known in the art. Sambrook et al.. Molecular aoning, A Laboratory Manual, 2nd Edition, 
Book 3, Cold Springs Harbor Laboratory Press (1989) and Cuaent Protocols In Molecular Biology, Ausubel eL 
al. Eds, Greene Publishing Associates and Wiley-lnterscience, 1987 and supplements, disdose various manv 

40 malian expression vectors and vector systems along with methods for the introduction of recombinant vectors 
into mammalian cells. The cDNAforthe monomeric forms of the A and B subunits can be expressed In a system 
such as that described by Unemeyer et al.. European Patent Application, Publication No. 259,953. The cDNA. 
is incorporated into a commercially available plasmid such as pKK 223-3 (Pharmacia) as modified as by 
Linemeyer et a[. and expressed in E, Mil. Other expression systems and host cells are well known In the art 

45 The high Cys content and glycoslyation of the A and B subunits along with the structure of the homo-and- 
heterodlmers suggests that expresston of biologically active proteins is carried out In animal cells. Expression 
may be carried out in Chinese hamster ovary (CHO) cells with the doned VEGF II DNA cotransfected with the 
gene encoding dihydrofolate reductase (dhfr) into dhfr CHO celts, see Sambrook et al. Transfonrtants expres- 
sing dhfr are selected on media lacking nudeosides and are exposed to increasing concentrations of methot- 

so rexate. The dhfr and VEGF II genes are thus coamplified leading to a stable cell line capable of expressing 
high levels of VEGF II. The plasmid is designed to Indude either an A subunit and a B subunit or two A or B 
subunit The two cDNAs are operably attached.so that the protein produced will be dimeric and will have VEGF 
II biological activity. Operably attached refers to an appropriate sequential arrangement of nudeotide seg- 
ments, cDNA segments or genes such that the desired protein will be produced by cells containing an expres- 

55 sion vector containing the operably attached genes, cDNA segments or nucleotides. 

The expressed proteins (monomers or dimers) are isolated and purified by standard protein purification 
processes. It is to be understood that the expression vectors capable of expressing heterodimeric fonms of 
VEGF II will contain a DNA sequence which will encode an A subunit and a DNA sequence which will encode 
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The protein ^s .s^re ^ndi toTdt^e^^^^^^^ f'""^ ^ "^^^""^^"^'^ agent 

protein can be used toTeat wounSs of ma^^.t ft"™ previously described. The 

to patients in need of su^h Irient ' "^"^ administration of the novel protein 

vascrrri^i^rnrrr^^^^^ 

tration of about 1-10 nq/ml If the vasn.ter ^h!*^^ , n ' P'^'^'^^y '"""an or rat, at a concen- 

the presence Of a n tr enlediun, s^^^^^ C^T.'^^LTI' Is conducted in vi^. the process requires 
bovine serum such as abouTo 1^2% bvvo^m^^ edification thereof and a low concentration of calf or 
are well Icnown in B,e aT ^ Preservatives such as antibiotics may also be included; these 

endo^^rre^vtcrrr^^^^^^^^^ 

of periphe.1 blood vessel or SColS b^ue ^1^^ ^ °' ' ^"''"^ 

presence of VEGF II and anv other suDnlP^.n^iT . ? "^"^ ''^ 9™*" c"""™ in the 
of adequate numbed of eS^a cl 17=^1.^. ,?'°"''"'' "f,! '^"'^ ^^wth. After growth 

be plated on the insiriur^ace of ve^^^^^^^^ ^mZZ:^":""" '^rf '''''' 

Alternatively, tubular supports are S n vita >!,>h tt^^^^^^^^ ""P'^"'^'' Patient 

'■"Plantati^^doMj^^g^^^g^^^^^ « P^'-'- 

surface of the artificial veieTandTerebl Lb^^^^^ °' °" 

^^^^^ 

polymer, with or without a coatinn of nrn o!nJ biocompatible polymer either a synthetic 

.r..e surface and multiple laye. of smooth mus.e cells ror^'rlu^l^^rre^S^^^^^^^ 

be ui:: 7:.t:::zz^tj:z: ^y^rjrrrSrrr- " --'^ 

be used either topically for tissue reoair or intr^vlZ^ ? ? ^ "^^ '^"^ '^P^"' P^P"^® *=an 
The following examples JIuslrate the present invention without however, limiting the same thereto. 
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EXAMPLE 1 

Preparation of Medium Conditioned By GS-9L Cells 

5 GS-9L cells were grown to confluence in 175 cnrt^ tissue culture flasks In Duibecco's Modified Eagle's 

Medium/10% newborn calf serum (DMEM/CS). At confluence the medium was decanted from the flasks, the 
flasks were washed with calcium and magnesium free phosphate buffered saline (PBS) and the cells were 
removed by treatment with a 1X solution of trypsin/EDTA. The cells (1 x lO"*) were pelleted by centrifugation, 
resuspended in 1500 ml of DMEM/5% NCS and plated into a ten level (6000 cm^ surface area) cell factory 

10 (NUNC). After 72 hours Incubation at 37** C In a 5% CO2 atmosphere the medium was decanted and the cell 
factories were washed 3 times with PBS. The cells were refed with 1500 ml of a 1:2 mixture of Ham's F- 
12/DMEM containing 25 mM Hepes, 5 ^g/m! insulin, 10 |ig/ml transferrin and 1.0 mg/ml bovine serum albumin. 
This medium was changed with fresh F-12/DMEM after 24 hours and collected every 48 hours after that The 
conditioned medium was filtered through a Whatman #1 paper to remove cell debris and stored frozen at •20''C. 

IS 

EXAMPU2 

Carboxymethyi'Sephadex Chromatography 

20 G&-9L conditioned medium, from Example 1 , was thawed and brought to pH 6.0 with 1 M HCI. Two grams 

of CM Sephadex C-50 cation exchange (Pharmacia) resin pre-equiiibrated in PBS adjusted to pH 6.0 with 1 N 
HCI is added to 20 liters of conditioned medium. The mixture was stirred at low speed for 24 hours at 4** C. 
The resin was then allowed to settle and the medium is siphoned off. The remaining resin slurry was packed 
into a 3.0 cm diameter column and any remaining medium is allowed to drain off. Unbound protein was washed 

25 off the column with 0.05 M sodium phosphate, pH 8.0, containing 0.15 M NaCI. Vascular endothelial growth 
factor activity was eluted from the column with a subsequent wash of 0.05 M sodium phosphate, pH 6.0, con- 
taining 0.6 M NaO. 

EXAMPLES 

Concanavalin A (Con A) Lectin Affinity Chromatography 

A 0.9 cm diameter column containing about 5 ml of packed Con A agarose (Vector Laboratories) was equili- 
brated with 0.05 M sodium acetate, pH 6.0, containing 1 mM Ca^, 1 mM Mn**and 0.6 M NaCi. The active eluate 
35 from the CM Sephadex C-50 column. Example 2, was applied to the Con A agarose and unbound protein was 
washed from the column with equilibration buffer. The column was then rinsed with three column volumes of 
0.05 M sodium acetate, pH 6.0, containing 1 mM Ca*^, 1 mM Mn"^ and 0.1 M NaCI. Bound protein was subse- 
quently eluted from the column by application of this buffer supplemented with 0.32 M a-methyl mannoside and 
0.28 M a-methyl glucoside, 

40 ' 

EXAMPLE 4 

Polyaspartic Acid WCX HPLC Cation Exchange Chromatography 

45 The active eluate from the Con A column, Example 3, was applied to a 25 cm x 4.6 mm poly(aspartic acid) 
WCX cation exchange HPLC column (Nest Group) pre-equtlibrated in 0.05 M sodium phosphate buffer, pH 6.0. 
The column was eluted with a linear gradient of 0 to 0.75 M NaCI in this buffer over 60 minutes at a flow rate 
of 0.75 ml/min collecting 0.75 ml fractions. VEGF II activity present in fractions eluting between approximately 
21. 7 and 28.5 ml were pooled as shown by solid horizontal bar in Fig. 1. 

50 

EXAMPLE 5 

Metal Chelate Chromatography 

55 The active fractions eluted from the poly(aspartic acid) WCX column . Example 4, that contain VEGF II were 
pooled, adjusted to pH 7.0 and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 6B charged 
with an excess of copper chloride and equilibrated in 0.05 M sodium phosphate. pH 7.0, containing 2 M NaCI 
and 0.5 mM imidazole (A buffer). VEGF II was eluted from the column with a gradient from 0-20% B over 10 
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by the sol,d horizontal bar in Fig. 2. ^rad-ent effluent volume were pooled as shown 



EXAMPLES 
Reverse Phase Chromatooraphy 
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wheresoIventB^Acontaininge/o/JacetonU^^ 

" fractions eluting between approximately 2 2 ^nd 37 sl! ^^0-^5 ml/min. The achv^VEGF 

shown by the solid horizontal bar in Fig. 3 °' ^^^'^"^ ^^"^nt volume were polled as 



EXAMPLE? 
20 Mitogenic Assays 
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MCi/We^l). The plates were incubated for a further 60 hr '^''"""'"> ^O"*" Par ml of assay medium « 0 
washed with Hanks balanced saltsolutlon ITaNna 20 1m T"^ '^''^ "^e pfates Je« 

^^lion'r/^on '^"^""^ ~ S^^^^ ^r.''-^ "-^/m. bovine s^l' aZ 

- ==rL-C"^^^--"-Om,wate^^ 

. huv. ^s was 

^KrurnV.=:ses^ 

EXAi\/IPLE a 

EHlty And Protein Stn,rfajreCh aracterizafon of Vecf n— 

Bon. i^i «t """'^ approximately 58 kDa VEGF , s^'er-stained gel contained a single 
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polybrene-coated glass fiber filters and their N-termlnal sequences were determined by Edman degradation In 
an ABI gas phase micros equencer in conjunction with an ABI 120Acn line phenytthiohydantoln analyzer fol- 
lowing manufacturers instructions. The peak of absorbance elutihg at approximately 28 ml (A subunit) yielded 
an amino terminal sequence APTTEGEQKAHEW identical to VEGF 1. The peak of absorbance eluting at 

5 approximately 25 ml (B subunit) yielded the N-temriinal sequence ALSAGN(X)STEMEWPFNEV plus a nearly 
equal amount of a truncated fonm of the same sequence missing the first three residues. The missing X residue 
corresponds to an Asn in the doned sequence. Since this missing Asn occurs in a classical Asn-X-SerrThr N- 
glycosylation sequence it is presumed to be glycosylated. The A and sum of the B chain peptides were recov- 
ered in nearly equal amounts supporting the interpretation that the two peptides combine to fonm an AB 

10 heterodimer in VEGF U. 

Reduced and cartioxymethylated A and B subunits (650 ng each) were each dried by vacuum evaporation 
In acid-washed 1 0 x 75 mm glass tubes. Lys C protease (50 ng, Boehringer Mannheim), an enzyme that cleaves 
on the carboxyl terminal side of lysine reskJues, was added to each tube in 100 {ol of 25 mM Tris. pH 8.5, 0.1 
% EDTA. The sutistrate protein subunits were separately digested at 37*'C for 8 hours and the resulting polypep- 

f5 tides resolved by reversed phase HPLC chromatography on a 4.6 mm x 25 cm Vydac Cia column equDibrated 
in 0. 1% TFA. Polypeptides were fractionated by elution with a 2 hour linear gradient of 0-67% acetonitrile in 
0. 1% TFA at a flow rate of 0. 75 ml/min at 20*^0. Individual peaks were manually collected and stored In this 
etutbn solution at 4''C. 

The amino acid sequences of the isolated peptides were then determined using Edman degradation in an 
20 ABI gas phase sequenator in conjunction with the ABI 120 A on line phenyl thtohydantoin analyzer (Applied 
Biosystems Int). The peptide sequences are shown in the following Figs. 5 and 6. The amino acid sequence 
of Lys C fragment L20 (Fig. 5) demonstrates that the form of VEGF II A subunit in the heterodimer is the 164 
amino add form. The amino acid sequence of Lyc C fragment L26 (Fig. 6) demonstrates that the fonn of VEGF 
II B subunit in the heterodimer is the 135 amino acid form. 

25 

EXAMPLE 9 

Qonlng and Sequencing of the VEGF II A Monomer 

30 PCR Amplification. Cloning and Sequendng of P4238 

Two degenerate oligonudeotides were synthesized tn order to amplify the cDNA encoding the peptide 
sequences of VEGF A subunit between LysC fragment L 42 and tryptic fragment T38. These oligonudeotides 
were: 

35 L42.2 5TrrGTCGACTTrrC]ATGGA[TC]GT[N]TAn"C]CA 3' T383'B 
5' CAGAGAATTCGTCGACA[AG]TC[N]GT[AG]TT|TC]TT [AG]CA 3' 
where N=ACGT 

Poly A* RIsIA was isolated from GS-9L cells using the Fast Track RNA isolation kit from Invifrogen and the 
protocol provided. First strand cONA synthesis was perfonmed as follows; ^ 
40 1 ng of GS-9L RNA was annealled to 1 ng of adapter primer TA17, 5'GACTCGAGTCGACATC- 

G A 1 1 1 1 I 1 1 I 1 1 I 1 1 1 II I 3', by incubating in a volume of 10 ^1 at 70°C for 5 min. followed by cooling to room 
temperature. To this reaction was added: • _ 

3.0 \i\ water 

2,5 jd 10X buffer (500 mM Tris-HD pH 8.3, 750 mM KQ, lOOmM MgOj. 5 mM spermidine) 
45 2,5 111 100 mM DTT 

2-5 nl 10 mM each dATP. dGTP, dCTP, dTTP 
0.6 nl 15 units RNasin 
2.5 pi 40 mM Na pyrophosphate 
1.5 nl 15 units reverse transcriptase 
50 and the reaction was incubated at 42*C for 1 hour, then diluted to 1 ml in 10 mM Tris-HC1 1 mM EDTA, 

pH7.5. 

PCR Reactions: 

Primary reaction (100 jJ) 
55 1 0 ^d 1 0X buffer from Perkin Elmer Cetus GeneAmp kit 

1 6 nl 1 .25 mM each stock of dATP. dCTP, dGTP, and dTTP 
2 fil first strand GS9L cDNA 
2 p) 50 pMoles L42.2 
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2 Ml 50 pMoles T383'B 

0.5 m 2.5 i^nits Annplitaq DNA polymerase 

67.5 jii water 

* Prep scale secondary reaction* ^- . 72 C, 2 . 

100 Hi 10X buffer 

1 o7pL%7cRtar °' O^^''- <'<^^-- and dTTP 

20 500 pMoles L42.2 

20 Hi 500 pMoIes T383'B 

5^ 25 units Ampiitaq DNA polymerase 

685 hI water 

Reaction conditions V; 55«C 2'- 72'>C 2'- 30 | 
enc^d? "r'w'^ ''^'^'^ & S2HXL-1 blue. P^smiroNA v^s"^^^^^^^^^^ 

enced by the dideoxy chain termination method. '^^ transformants and sequ- 

^ Amplificalion rinni na_and Seguencino «f p w.. 

These primers we,« used In comblnaZtfth loA l/l"^^^^ 

encoding the COOH temilnua of VEGF A^bun , ull * '^'l^'^Q'^GTCGACATCG 3' to ampllly the cDfW 
» PNAS 85: 8998-9002 (1988). "='"3 3' RACE technique described by Frahinan e^^ 

PGR reactions: ~~" 

Primary reaction 100 hI 

10 Hi 1 0X buffer from Perkin Elmer Cetus 
GeneAmp kit 

° 18 nl 1 .25 mM each stock of d ATP dCTP hptd ^ 

0.35 Hi fir^t strand GS-9L cDNA ' ' 

2 nl 50 pMoles oligo 289 
as Hi 2.5 units Ampiitaq DNA polymerase 
o7.15hI water 

f Reaction conditions 94«C, V; 58*C 2" 72*^ 9- m . . 

58X 2'; 72«C. 40' followed by 40 cyd'es 94% V 58x1' 72" c't'^ '"^^'^^ ^ ^^^^'^ ^^C. 1'; 

^Tep Scale secondary reaction- ' . ^. . 

.60 Hi 1 0X buffer 

108 Hi 1.25 mM each stock of dATP dCTP rinrn . ™, 

24 Hi primary PGR reaction dGTP. and dTTP 

12 Hi 300 pMoles oligo 307 

'l2Hl300plWoles oligo A17 

3 Hi 15 units Ampiitaq DNA polymerase 

381hI water 

Reaction conditions 94*C. 1'; SS^C 2'- 72''C 9- . . 
Tha pro r>..«j * • ' • *^ '-^ . o, 2 , 30 cycles. 

PGR Amplification. Cloning and a^^ .^n...^ ..^^ ,^ 

TTTGT?,^CMC^C^^^^^ were eyntheslzed; oligo 113 5' 

These Primers were used in comblnatio7v^th oTgo Ai'7 I'Jp'JZ®^^^^^ 3'. 
encoding the amino terminus of VEGF A sZ^ruMeTJ^r.T^^'^'''''''''^ ^' ^P"^ "-e cDm 
supra Oiigo 151 was synthesized in order to sp^ Sy orim^ ^r l . k"'""^ « al., 

151 .s 5'CTTCATCATTGCAGCAGC 3' ^'^^'"'^"y P™* VEGF A subunit cDNA from GML RIMA. Olio 
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RNA was isolated from GS-9L ceils using the Fast Track RNA isolation kit from invctrogen using the protocol 
provided. First strand cOlsIA synthesis was performed as follows; 

One pg of GS9L RNA was annealled to 1 \ig of oligo 151 by incubating in a volume of 6 |il at 7(y*C for 5' 
followed by cooling to room temperature. To this reaction was added: 
5 1.5 10X buffer (SOOmM Tris-HCI. pH 8.3, 

750 mM KCI. 1 00 mM MgClz, 5 mM spemiidine) 
2,5 jJ 10 mM DTT 

Z5 ill 10 mM each dATP. dGTP, dCTP, tfTTP 
0.6 lii 25 units RNasin 
10 Z5 \il 40 mM Na pyrophosphate 

9.5 ^1 20 units diluted reverse transcriptase 
The reaction was Incubated at42*C for 1 hour. Excess digo 151 was removed by Centricon 100 spin col- 
umns and the 5' end of the cDNA was tailed by the addition of dATP and tenminal transferase. The tailed cDNA 
was diluted to a final volume of 150 nl in 10 mM Tris-HCI, 1 mM EDTA. pH 7.5. 
IS PGR Reactions: 

Primary reaction (50 nl) 

5 p\ 10X buffer from Perkin Elmer Cetus GeneAmp Kit 
8 jil 1.25 mM each stock of dATP.dCTP.dGTP. and dTTP 

5 ^1 first strand GS-9L cDNA prime with oligo 151 and tailed 
20 1 ^25 pMoies oligo 113 

1 jil 25 p Moles oligo A1 7 

1 ^1 10 pMoles oligo TA17 

0.25 III 1.25 units Amplitq DMA polynrtersase 

28.75 |il water 

25 Reaction conditions; 1 cyde 94''C V; 50'C 2'; 72^0 40' then 40 cydes of 94''C 1'; 50"»C 1'30-; 7200 2' 

Prep scale secondary reaction: 
60 Mil OX buffer 

96 ^1 1.25 mM each stock of dATP. dCTP. dGTP. and dTTP 

6 \j\ primary PGR reaction 
30 12 fit 300 pMoIes oligo 74 

1 2 ^1 300 pMdes oligo A1 7 

3 ^l 15 units Amplitaq DMA polymerase 

41 1 nl water 

Reaction conditions 94''C, 1'; 55*C, 2'; 72'*C, 2'30 cydes. 
35 The PGR product was concentrated by Gentricon 100 spin columns, and digested with restriction endonuc- 

lease Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(+). The ligation mix was used to transform 
E. coli XL-1 blue. Plasmid ONA was isolated from white transfonrtants and sequenced by the dideoxy chain 
termination method. The base sequence is shown in Ftg. 5. 

40 Cloning and sequencing of alternative fonms of VEGF A cDNA 

Based on the sequence obtained from the p5-1 5 and pW-3 dones, two specific PGR primers were syn-- 
thesized; digo 5'C 5' TTTGTGGACAAGCATGAACTTTCTGC 3' and oligo 181 5' 7TTGTGGAGGGTGA- 
GAGGTCTAGTTG 3'. These primers were used together to amplify multiple cDNAs encoding alternative fonms 
45 of theVEGF Asubunit. 

Preparative PGR Reaction: _ . 
50 nl 10X buffer 

80 1.25mM each stock of dATP. dCTP. dGTP, and dTTP 
10 Kil first strand GS-9L cDNA 
50 10 pi 300pMoles digo 5'C 

10 pi 300pMoles digo 181 
2.5 pll 5 units Amplitaq DMA polymerase 
337.5 nl water 

Reaction conditions 94«G. 1 '; 58*'G. 2'; 72*'G, 3'; 40 cydes. 
55 The PGR product was extracted with phenot/chlorofomi, concentrated by Centricon 30 spin columns, pre- 

dpitated by ethand, and digested with restrictk)n endonudease Sal I, and ligated into Sail cut pGEM3Zf(+). 
The ligation mix was used to transfonm E.mH XL-1 blue, Plasmid DNA was isdated from white transfonmanls 
and sequenced by the dideoxy chain temnination method. Three sets of dones were identified. Clone #12 
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15 



to Lys-. The 120 amino acid ^.^ (^vIgfTs^ JT™! .' ^ «>nve^ion o 

^.^3 not begin un.a Cys.», .his fom alsoTnfehes a^r« "ZT^l h "^^""^^ and 

the second and thinj base of the Asn.« codon Thl doi^ h,,' « ! ^ "^'^ P^'^ '"^«rti°n between 

^ ^ AAG MG GGT CM iW\ 
^/^/W^TOCOGGirrAAATOCTCGAGC 
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EXAMPLE 10 

and Sed uencing of the VFQf II B Subunit 

Where N=ACGT 

temperature. To this reaction was added: ^ ^' ^""^'"^ ^ <*"l°»*e<' by cooling to room 

3.0 jU water 

2" ; r or "° 1°° mM Mga. 5mM spennidine) 

2.5 Hi 1 0 mM each dATP, dGTP, dCTP dTTP 

0.6^1 15 units RNasin 

2.5 ill 40 mlW l^a pyrophosphate 

1.5 Ml 15 units reverse transcriptase 
and the reaction was incubated at 42''C fnr i h«... 

« ""''^""'"•"'^'""""^'""I'^l'nlOmMTris-HCi.lmMEDrApH 
PCR Reactions: 

Primary reaction (50^) 

55 1 ^ r f ^ ^^'^ °^ '^A'^P- dCTP. dGTP. and dTTP 

55 1 HJ first Strand GS-9LCDNA .anoaiiK 

1 50 pMoIes oligo Yl 

1 mJ 50 pMoIes oligo GC 

0.25 Mi 1.25 units Amplitaq DMA polymerase 
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-33.75 jil water • 

Reaction conditions. 40 cydes of 94'»C. V; 50'C, 2': 72*0. 2'. 
Prep scale reaction 
60 OX buffer 

5 96 pi 1 J25mM each stock of dATP, dCTP, dGTP, and dTTP 

12 til first strand 65SL cDNA 
12pl500pMolesoligoYI 
12 \il SOQpMoles oligo GC 
3 pi 15 units Amplitaq DNA polymerase 
10 405 pi water 

Reaction conditions 94**C, 1 '; SO'C, 2'; 72'C, 2'40 cydes. 
The PGR product was concentrated by Centricon 30 spin columns and digested with restriction endonuc- 
lease Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(-t-). The ligation mix was used to transform 
E. colt XL-1 blue. Plasmid DNA was isolated from white transfonmants and sequenced by the dideoxy chain 
15 termination method. 

PGR Amplification. Cloning and Sequendng of p3V2 

Based on the sequence obtained from the pYG dones. a specific PGR primer was synthesized: ollgo HP 
20 5' TTTGTGGAGAGAGCCTAATGAAGTGTC 3'. This primer was used In combination with oligo A17 5' 
GAGTGGAGTGGAGATCG 3' to amplify the cDNA encoding the GOGH tenminus of the VEGF II B subunit using 
the 3' RAGE technique described by Frohman et al., PNAS 85: 8998-9002 (1988). 
Preparative PGR reaction: 
60 |i] 10X buffer from Peri(in Elmer Getus Gene Amp Kit 
25 12 p] first strand 659L cDNA 

96 pi 1 .25 mM each of dATP. dGTP. dGTP, dTTP 
12 pi 300 pMoIes digo A17 
12pl300pMdesdlgoHP 
3 pi 15units Ainplitaq DNA polymerase 
30 405 pi water 

Reaction conditions 1 cyde of 94''C, V; 58''C, 2'; 72''G, 2'; followed by 40 cydes 94*G. 1', SSX, 2' and 
72X, 2'. 

The PGR product was concentrated by Gentricon 30 spin columns, precipitated with ethanol and digested 
with restriction endonudease Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(-t-). The ligation 
35 mix was used to transform E. coli XL-1 blue. Plasmid DNA was isolated from white transfonmants and sequ- 
enced by the dideoxy chain termination method. 

PGR Amplification. Gloning and Sequendng of p5V2 

40 Based on the sequence of pYG clones, two specific PGR priniers were synthesized; oligoVL' 5' 

TTTGTGGAGAACAGGGAGTGAGAAGG 3' and oligoVS' 5' TTTGTGGAGAGTGAATATATGAGACAG 3'. 
These primers were used in combi nation with oligo A17 5' GACTCGAGTGGAGATGG 3' to amplify the cDNA_ 
encoding the amino terminus of the VEGF II B subunit using the 5' RACE technique described by Frohman et 
a[., supra. Oligo 151 was synthesized In order to prime cDNA firom GS-9L RNA. Oligo 151 is 5' GTTCAT- 
45 CATTGCAGCAGG 3'. 

Ploy A^RNA was isolated from GS9L cells using the Fast Track RNA isolation kit from Invitrogen using the 
protocol provided. First strand cDNA synthesis was performed as follows: 

One pg of GS9L RNA was annealled to 1 pg of oligo 151 by incut}ating in a volume of 6 pi at 70^G for 5' 
followed by cooling to room temperature. To this reaction was added: 
so 1.5 pI10X buffer (500 mMTris-HO.pH 8.3. 

750 mM KCI, 1 00 mM MgCI^. 5mM spermidine) 
2.5pl10mMDTT 

2.5 pl10 mM each dATP, dGTP, dCTP. dTTP 
0.6 pi 25 units RNasin 
55 2.5 pi 40 mM Na pyrophosphate 

9.5 pi 20 units diluted reverse transcriptase 
The reaction was incubated at 42*^0 for 1 hour. 
Excess oligo 1 51 was removed by Centricon 100 spin columns and the 5' end of the cONA was tailed by 
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PGR Reactions: 
Primary reaction (SO pi) 

a m 1.25 mM each stoA of dATP.dCTP.dGTP, and dTTP 

1 pi 25pMoiesoligoA17 

lMl10pMoIesoIlgoTA17 

0^25 pj 1 .25 units Amplitq DNA polymersase 

^8.75 pi water 

Reaction conditions; 1 cyde dA^C V- 5A»r 9' tooi- 
Prep scale secondary reaction- ' * ^ ' ^' then 40 cycles of 94<'C, 1'; SS^C. 2" 72'C 2' 
100 mH OX buffer - . • 

1 60 pi 1 25 mM each stock of dATP. dCTP. dGTP and dTTP 
10 pi pnmary PGR reaction nana dTTP 

20 pi 500 pMoles ollgo VS' 
20 pi 300 pMoles oligo A17 
'° 5 25 units Amplitaq DNA polymerase 

085 pi water 

Reaction conditions 94X, 1'; eS'^C 2'* 72«c 

he PGR Drorfurt 



25 



30 



w„Mu,i,uiia t; 2'* 72*'C 2'30 CV I 

Nu.S,9ve Agarose gel then ligated into Sail cut pGEM3ZfW The H^LL P""'"*"* °" 4% 

XM..e.P,a3.,d0...as.ola.d.o.white^^^^^^^^ 

PGR Ampllflcallon. nnninnjndSe quendng of pCV2 and nr.v, . 

Based on the sequences of the d3V2 and ntir\/o w« 

TAGAGGG 3'. These primers v.ere used together to amprthi eDMA '™^<=GAC[N][N]CTAATAA^. 

Preoarat v« Pro o^^^^^. a«uici lo ampiiry the cDNA encod no fh*» ucnc a 



TAaA00G3^Thes;=:::rr^^^^^^^^ 

Preparative PGR Reaction- ^''^ '''^ ^"<=°d!"9 the VEGF B subunit 

^ 40 pI1 OX buffer 

64 pi 1.25 mM each d.ATP. dTTP, dGTP dGTP 
8 pi first strand GS-9L cDNA 
8 pi 200 pMoles 5'GV2.1 
8 pi 200 pMoles 3'CV2 
^ 2 pi lOunits Amplitaq DNA polymerase 

270 pi water 

he'p^T^T""'' 2'- 2': 40 cycles. 

ne PGR product was ovtr=./.f«*< . . /^loo. 
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50 



55 



cDNA CloninQ of VEGF B Suh.mir 

5.5p| 1 0X buffer (500 mM Tris-HCI, pH 8 3 f42» CI 
750 mM KGI, 100 mM MgCt,. 5mM spemiidine 
5.5pi lOOmM DTT 
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5.5jil 10 mM each dATP. dTTP. dCTP. dGTP 
1.4^1 (SSunits) RNasin 
5.5til 40mM NaPPi 

13.5jil 55tinits AMV reverse transcriptase 
5 Incubate at 42** C 60'. 

Second Strand Synthesis: 
Assemble reaction nnix 

50 ^ first strand reaction 

25 pi 10X buffer (500 mM Tris-Ha, pH7.2, 850 mM KCL, 30 mM MgQj Img/ml BSA, 1 00 mM {NH4)2S04 
10 7.5p)100mMDTT 
25nl1mMNAD 

6.5 ^1 (eSunits) E. ^ DNA Polymerase! 
Z5 ^ll (2.5units) E. ^ DNA Ligase 
2.5 \i\ (2 units) E. coli RNase H 
15 135 water 

Incubate at 14* C for2h and then Incubate 70" C for IC. Add lul (10 u.nits) T4 DNA Polymerase, incubate 
at 37** C for 10'. add 25 jil 0.2M EDTA an extract with phenol/chlorofomi. then precipitate by the addition of 0.5 
volume of 7.5 M ammonium acetate and 3 volumes of ethanol. collect precipitate and resuspend in 20 ^1 of 10 
mM Tris-Ha. pH 7.5. ImM EDTA 
20 cDNA Library Construction 

The above cDNA was ligated into EcoR1/ Xbal digested LambdaGEM-4 (Promega Biochemicals) after the 
addition of EcoRI linkers and digestion with EcoRI and Xbal. A cDNA library was amplified from -50, 000 
independent clones. 

Isolation of Rat VEGF B cDNA Gone 
25 The above cDNA library was screen by placque hybridization using pCV2 as a probe. Hybridization con- 

ditions were as follows: 

5XSSC (1XSSC Is 0.1 5M sodium chloride, 0.01 5M sodium citrate, 
56% Fonmamide 

5X Denhardfs Solution (1% Ficoll. 1% polyvlnylpyn-olidone. 1% bovine serum albumin) 
30 0.15 mg/ml salmon sperm DNA hybridize overnight at 42° C. 

Filters were washed 3 times in 2XSSC, 0.1% SDS at room temerature for 5', then 1 time in 1XSSC, 0. 1% 
SDS at 50C for 30'. Positive clones were identified by autoradiography. 

The DNA from phage #202 was digested with restriction endonudease Spel and the 1.1 kb band ligated 
into Xbal digested pGEM3Zf(+). The ligation mix was used to transform E.coli XL-1 blue. Plasmid DNA was 
35 isolated from white transfomiants and sequenced by the dideoxy chain termination method. The cDNA sequ- 
ence and predicted amino acid sequence of the signal peptide are shown in Fig.8 and Fig.7. 

The entire nucleotide and amino acid sequence of the 115 amino acid fonn is shown in Fig. 7. The secreted 
protein starts at Ala^* and continues to Arg^^. The entire nucleotide and amino acid sequence of the 135 amino 
acid form is shown in Fig. 7. The secreted protein starts at Ala^* and continues to Leu^^a 



Claims - _ 

Mammalian vascular endothelial growth factor II comprising a heterodimer with an apparent non-reduced 
molecular mass of about 58,000 daltons, with said heterodimer made up of an A subunit having an appa- 
rent reduced molecular mass of about 23,000 daltons and a B subunit having an apparent reduced molecu- 
lar mass of about 23,000 daltons with said vascular endothelial growth factor substantially free of impurities 
and mitogenic for mammalian vascular endothelial cells. 

The vascular endothelial growth factor II of claim 1 wherein the growth factor is isolated and purified from 
human cells, cell culture media or tissues. 

The vascular endothelial growth factor II of daim 1 wherein the factor is mitogenic formammalian vascular 
endothelial cells. 

Mammalian vascular endothelial growth factor II comprising a heterodimer with an apparent non-reduced 
molecular mass of a t>out 58,000 daltons, with said homoodimer made up of two Asubunits having an appa- 
rent reduced nnolacular mass of about 23,000 daltons each with said vascular endothelial growth fiactor 
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7. 



8. 



35 



40 



45 



SO 



55 



and are substantially free of impurities. forms thereof which are biologically active 

a. isolation of conditioned growth media; 

b. caUon exchange chromatography 

c. lectin affinity chromatography- 

11. The process of daim 10 wherein- 

a isolation Of conditioned growth media by filtration- 

• resirproX'irsf:^ 

0.05 sodlun, Phosphate. p^H 6.o" 0 Mrcr""''^' "'^^ " 

c lectin affinity chromatography with adsorntlno „ 

linear gradient ' ^ ^"""""^ «'"t'on with about 0 to about 0 75 IV) NacI 

rr^tro^r;^^^^^^^ 

0.05 M sodium phosphate. al«ut pH 7 0. abouV2 M Naa ""^'^-^ntainingabou. 

tnfluoroacetic; and "^^'^*^'"°'°'°67 % (v^)ofacetonitraein 0 1 % 

9. collecting «,e substantially pure vas^iar endothelial growth factor „ 

«-n.epr„ces3ofaaim.for.heis.at.nofvascularendoth.a,growthractor..f.m3S-3^ 
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13. A tissue repairing pharmaceutical composition comprising a phanmaceuticat carrier and an effective tissue 
repairing amount of the purified vascular endothelial growth factor II of any one of Claims .1 or 4 to 9. 

14. The use of the vascular endothelial growth factor II of any one of Claims 1 or 9 to 9 for the manufacture 
of a medicament capable of promoting tissue repair. 

15. A method for the stimulation of growth of vascular endothelial cells which comprises treating a sample of 
the desired endothelial cells In a nutrient medium with vascular endothelial growth factor II at a concen- 
tration of at)Out 0.1-100 ng/nrtl. 

16. A method for preparing synthetic vessels comprising treating synthetic polymeric vessels with vascular 
endothelial growth factor II. 

17. The use of a synthetic vessel prepared by the method of Claim 1 6 for the manufacture of a medicament 
IS suitable for use as a vessel implant whereby, after implantation, endothelial cells migrate into and grow 

on the artificial surface. 

18. The use of vascular endothelial growth factor It for the manufacture of a medicament for the stimulation 
of the growth of vascular endothelial cells in vivo whereby either vascular repair, or neovascularization, 

20 or both, is promoted. 

19. A purified and isolated DMA sequence encoding the 188 amino acid A subunit of vascular endothelial 
growth factor II. 

25 20. A purified and Isolated DMA sequence encoding the 164 amino acid A subunit of vascular endothelial 
growth factor II. 

21. A purified and isolated DNA sequence encoding the 120 amino acid A subunit of vascular endothelial 
growth factor II. 

30 

22. A purified and isolated DNA sequence encoding the 135 amino acid B subunit of vascular endothelial 
growth factor II. 

23. A purified and isolated DNA sequence encoding the 115 amino acid B subunit of yascuiar endothelial 
.35 growth factor II. * 

24. Vascular endothelial growth factor 11 DNA comprising an A subunit DNA sequence selected from the group 
consisting of: a DNA sequence encoding an 188 amino add form, a DNA sequence encoding an 164 amino 
acid fonm and a DNA sequence encoding a 120 amino acid fonm, with said A subunit DNA operably 

40 attached to a B subunit DNA sequence selected from the group consisting of: a DNA sequence encoding 

a 135 amino acid form; and a DNA sequence encoding a 1 15 amino acid form. 

25. Heterodimeric vascular endothelial growth factor DNA comprising an A subunit DNA sequence encoding 
a 164 amino acid fonn operably attached to a B subunit DNA sequence encoding a 135 amino acid fomi. 

26. Heterodimeric vascular endothelial growth factor DNA comprising an A subunit DNA sequence encoding 
a 164 amino acid fonm operably attached to a B subunit DNA sequence encoding a 1 15 amino acid form. 

27. Homodimeric vascular endothelial growth factor DNA comprising a B subunit DNA sequence selected fonm 
so the group consisting of: a B suburiit DNA sequence encoding a 135 amino acid form and a B subunit DNA 

sequence encoding a 1 15 amino acid form. 

28. A vector containing the DNA sequence of any one of daims 24 to 27. 

55 29. A host cell transformed by the vector of daim 2 8 containing the DNA sequence encoding vascular 
endothelial growth factor II. 

30. A process for the preparation of vascular endothelial growth factor It comprising culturing the b-ansfonned 
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31. Vascular endothelial growth factor II made by the 



process of claim 30. 
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FIG. 1 
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FIG. 3 
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